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$ Dedicated Deployable 
Aerobraking Structure 

A dedicated deployable aerobraking 
structure concept was developed that 
significantly increases the effective area 
of a spacecraft during aerobraking by up 
to a factor of 5 or more (depending on 
spacecraft size) without substantially in- 
creasing total spacecraft mass. Increas- 
ing the effective aerobraking area of a 
spacecraft (without significantly increas- 
ing spacecraft mass) results in a corre- 
sponding reduction in thetime required 
for aerobraking. For example, if the ef- 
fective area of a spacecraft is doubled, 
the time required for aerobraking is 
roughly reduced to half the previous 
value. The dedicated deployable aero- 
braking structure thus enables signifi- 
cantly shorter aerobraking phases, 
which results in reduced mission cost, 
risk, and allows science operations to 
begin earlier in the mission. 

I n order to achieve a large area without 
impacting the spacecraft or launch vehi- 
cle, a deployable structure is necessary. 
The dedicated deployable aerobraking 
structure uses a set of deployable rigid 
"arms" to deploy and support a large 
membrane. The membrane is made of 
material (Kapton, for example) that can 
withstand the thermal and mechanical 
loads characteristic of aerobraking. Once 
aerobreaking is complete, this aerobrak- 
ing structure would be jettisoned into an 
atmosphere-intercepting orbit and subse- 
quently destroyed upon atmospheric 
entry. Thisconcept usesa mechanical im- 
plementation distinct from inflatable 
aerodynamic decelerators studied for ae- 
rocapture and other applications. Aero- 
braking requires multiple passes through 
the atmosphere over several weeks (at 
least), and so any small leaks or punc- 
tures that develop in an inflatable struc- 
ture during that time could compromise 
the inflatable structure; this makes inflat- 
able structures a higher risk implementa- 
tion for an aerobraking structure relative 
to the mechanical implementation used 
in thisconcept. 

Tentative mechanical and thermal re- 
quirements for this technology have 
been developed. Full-scale proof of con- 
cept hardware corresponding to one 
quadrant of a 72 m 2 aerobraking struc- 
ture was successfully designed, fabri- 
cated, deployed, and tested. The lab 


tests were designed so that the mechan- 
ical loads in the 1-g lab environment 
were higher than the anticipated aero- 
braking loads, which proved the struc- 
ture could survive in flight. Finite ele- 
ment models were developed and found 
to be in good agreement with the proof- 
of-concept hardware. Thermal and atti- 
tude stability aspects of the concept 
were analyzed. Based on the prelimi- 
nary requirements, hardware tests, com- 
putational models, and analyses devel- 
oped, the concept was found to be 
viable using conventional engineering 
materials and techniques. 

In addition to potential use on plane- 
tary missions, thistechnologycan also be 
used as an inexpensive, robust, and reli- 
able method for reducing orbital debris 
hazards in Earth orbit by increasing the 
rate of orbital decay of objects in orbit 
about the Earth such as decommis- 
sioned satellites and spent launch vehi- 
cle upper stages. 

This work was done by Louis R. Giersch 
and Ka/in Knarr of Caltech for NASA's Jet 
Propulsion Laboratory. Further information is 
contained in a TSP (seepage 1). NPO-47227 


M Portable H ealth Algorithms 
Test System 

A document discusses the Portable 
H ealth Algorithms Test ( PH ALT ) Sys- 
tem, which has been designed as a 
means for evolving the maturity and 
credibility of algorithmsdeveloped to as- 
sess the health of aerospace systems. 
Comprising an integrated hardware-soft- 
ware environment, thePPIALT system al- 
lows systems health management algo- 
rithms to be developed in a graphical 
programming environment, to be tested 
and refined using system simulation or 
test data playback, and to be evaluated 
in a real-time hardware-in-the-loop 
mode with a live test article. 

The integrated hardware and soft- 
ware development environment pro- 
vides a seamless transition from algo- 
rithm development to real-time 
implementation. The portability of the 
hardware makes it quick and easy to 
transport between test facilities. This 
hardware/ software architecture is flexi- 
ble enough to support a variety of diag- 
nostic applications and test hardware, 
and the GUI-based rapid prototyping 
capability is sufficient to support devel- 


opment, execution, and testing of cus- 
tom diagnostic algorithms. 

ThePPIALT operating system supports 
execution of diagnostic algorithms 
under real-time constraints. PPIALT can 
perform real-time capture and playback 
of test rig data with the ability to aug- 
ment/ modify the data stream (e.g. inject 
simulated faults). It performs algorithm 
testing using a variety of data input 
sources, including real-time data acquisi- 
tion, test data playback, and system simu- 
lations, and also provides system feed- 
back to evaluate closed-loop diagnostic 
response and mitigation control. 

This work was done by Ka/in J. M elcher 
and Edmond Wong of Glenn Research Center 
and Christopher E. Fulton, Thomas S. Sow- 
ers, and William A. Maul of Analex Corp. 
Further information is contained in a TSP 
(see page 1). 

Inquiries concerning rights for the commer- 
cial use of this invention should be addressed 
to NASA Glenn Research Center, Innovative 
Partnerships Office, Attn: Steve Fedor, Mail 
Stop 4-8, 21000 Brookpark Road, Clevdand, 
Ohio 44135. Refer to LEW-18485-1. 


Technique for Performing 
Dielectric Property 
M easurements at M icrowave 
Frequencies 

A paper discusses the need to perform 
accurate dielectric property measure- 
ments on larger sized samples, particu- 
larly liquids at microwave frequencies. 
These types of measurements cannot be 
obtained using conventional cavity per- 
turbation methods, particularly for liq- 
uids or powdered or granulated solids 
that require a surrounding container. To 
solve this problem, a model has been de- 
veloped for the resonant frequency and 
quality factor of a cylindrical microwave 
cavity containing concentric cylindrical 
samples. Thismodel can then beinverted 
to obtain the real and imaginary dielec- 
tric constants of the material of interest. 

Thisapproach isbased on using exact 
solutionsto M axwell's equationsfor the 
resonant properties of a cylindrical mi- 
crowave cavity and also using the effec- 
tive electrical conductivity of the cavity 
walls that is estimated from the meas- 
ured empty cavity quality factor. This 
new approach calculates the complex 
resonant frequency and associated elec- 
tromagnetic fields for a cylindrical mi- 
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crowave cavity with lossy walls that is 
loaded with concentric, axially aligned, 
lossy dielectric cylindrical samples. In 
this approach, the calculated complex 
resonant frequency, consisting of real 
and imaginary parts, is related to the ex- 
perimentally measured quantities. 

Because this approach uses Maxwell's 
equations to determine the perturbed 
electromagnetic fields in the cavity with 
the material(s) inserted, one can calcu- 
late the expected wall losses using the 
fields for the loaded cavity rather than 
just depending on the value of the fields 
obtained from the empty cavity quality 


factor. These additional calculations 
provide a more accurate determination 
of the complex dielectric constant of the 
material being studied. The improved 
approach will be particularly important 
when working with larger samples or 
samples with larger dielectric constants 
that will further perturb the cavity elec- 
tromagnetic fields. Also, this approach 
enables the ability to have a larger sam- 
ple of interest, such as a liquid or pow- 
dered or granulated solid, inside a cylin- 
drical container. 

T his work was done by M artin B. Barmatz 
of Caltech and H my W. Jackson for NASA'sJet 


Propulsion Laboratory. Further information is 
contained in a TSP (seepagel). 

In accordance with Public Law 96-517, 
the contractor has elected to retain title to this 
invention. Inquiries concerning rights for its 
commercial use should be addressed to: 
InnovativeTechnologyA ssets M ana gemen t 
JPL 

M ail Stop 202-233 
4800 Oak Grove Drive 
Pasadena, CA 91109-8099 
E-mail: iaoffice@jpl.nasa.gov 
Refer to NPO-47163, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 
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